Introduction
Photonic crystal (PhC) coupled-cavity waveguides (CCWs) may be a good choice to implement different optical functionalities, such as very compact optical delay lines or dispersion compensators, due to their inherent very small group velocity [1] . However, one key issue that needs to be addressed is an efficient coupling from an external medium. An adiabatic coupling technique between single-line-defect waveguides (SLWGs) and CCWs was recently proposed [2] . Furthermore, their dynamic performance by analyzing the transmission of ultrashort pulses through the structure was also investigated [3] . The coupling technique is based on gradually varying the radii of the spacing defects between cavities, as it can be seen in Fig. 1(a) . In this paper, the experimental demonstration of this coupling technique by using an air-hole PhC structure fabricated in Silicon-on-insulator (SOI) is reported. Fig. 2(a) and Fig. 2(c) is the different length of the CCW since the taper length is not modified. Therefore, the transmission efficiency is only decreased due to the propagation losses in the CCW. Concretely, the transmitted power is decreased around 3dB when the CCW length is increased by 4.45pm (lOa) so the propagation losses of the CCW are roughly estimated at 0.67dB/pm. These rather high propagation losses are attributed due to the out-of-plane losses originated from the fact that the CCW operates above the light line, which implies that the guided mode is intrinsically lossy. It is important to remark that propagation losses due to sidewall roughness are not taken into account in the simulations. The transmission losses due to the estimated propagation losses are of 6.3dB (23%) for a CCW of 10 cavities and of 9.3dB (11.75%) for a CCW of 15 cavities. These efficiencies are close to those obtained for the CCW without taper, shown with dashed lines in Fig. 2(a) and Fig. 2(c) , which means that the propagation losses of the CCW are clearly CTuDD2 dominant in the overall transmission losses. The transmission efficiency is improved for the CCW with taper structure. However, these lower transmission losses are not only due to the higher coupling efficiency between the SLWG and CCW but also because the propagation losses in the taper are lower than the ones given for the CCW. It is important to notice that the number of cavities is almost the same in both the CCW with and without taper structures so the CCW length is actually shorter in the former.
In order to better evaluate the taper performance, the transmission spectra for a CCW of the same length coupled to the SLWG with and without the adiabatic taper have been obtained by means of 3D FDTD simulations. Furthermore, the total length in both structures has also been fixed to be the same. Fig. 3(a) shows the transmission spectra considering a CCW of 5 cavities. The transmission spectrum is also shown for a SLWG with a length equal to the sum of the lengths of the input and output SLWGs used in the CCW with taper structure. On the other hand, Fig.3(b) shows the transmission spectra for the CCW with and without taper structures calculated by means of 2D FDTD simulations. First of all, it can be seen that the transmitted power in the SLWG decreases as the wavelength increases when the wavelength is approximately higher than 1530nm. This power drop together with the high propagation losses suffered in the CCW originates that the bandwidth of the CCW is reduced with respect to the broader bandwidth predicted from the 2D simulations. Therefore, it is difficult to evaluate the taper performance as the transmission improvement occurs mainly at the higher wavelengths. However, it can still be seen that the transmission for the CCW with taper gets worse at lower wavelengths but it is improved at high wavelengths due to the effect of the taper, in agreement with the results predicted by the 2D results shown in Fig. 3(b) , which demonstrates the performance improvement when the proposed adiabatic taper is used for coupling light into and out of the CCW. 
Conclusion
Experimental results of an adiabatic coupling technique to improve the coupling efficiency into CCWs have been reported and compared with 2D and 3D FDTD simulation results. However, we have obtained that out-of-plane losses are rather high in CCW increasing significantly the transmission losses. Therefore, the analysis of out-ofplane losses and techniques to avoid them will become necessary to improve the CCW performance.
